###### Strengths and limitations of this study

-   This is, to our knowledge, the largest study to date of time trends in peripheral artery disease (PAD) incidence and prevalence in the UK.

-   Data are from electronic medical records in The Health Improvement Network, which has demonstrated validity for use in pharmacoepidemiological studies.

-   Patients' anonymised medical records were reviewed manually to validate the selected diagnostic Read codes used to identify symptomatic PAD in a random sample.

-   Potential limitations include possible changes over time in the source population and in how PAD is diagnosed in UK primary care, which would have affected the secular incidence and prevalence trend patterns.

Introduction {#s1}
============

Peripheral artery disease (PAD) causes leg pain or discomfort, most commonly occurring on exertion and resolving after rest (intermittent claudication), although some individuals have no obvious symptoms even when functional impairment is noticeable on testing.[@R1] Individuals with PAD are at increased risk of myocardial infarction (MI), ischaemic stroke and death.[@R2] To reduce the risk of cardiovascular (CV) events, US and European guidelines recommend antiplatelet therapy and statins for all individuals with symptomatic PAD, and antihypertensive therapy for those with concomitant hypertension.[@R4] ACE inhibitors may also reduce CV risk in symptomatic patients with PAD.[@R4]

The key risk factors for PAD are similar to those for other CV diseases, and include smoking, increasing age, diabetes mellitus, hypertension and dyslipidaemia.[@R8] In recent years, the prevalence patterns of PAD risk factors have been changing substantially. Smoking prevalence is decreasing,[@R10] but there is an increase in the prevalence of diabetes mellitus. Advances in treatment and in the implementation of processes of care have resulted in individuals with coronary heart disease and cerebrovascular disease now surviving to older ages, which is when PAD tends to manifest itself.

Whereas rates of MI and ischaemic stroke are declining in most countries,[@R11] secular incidence and prevalence trends for PAD are less clear. A recent meta-analysis reported an increase in the prevalence of PAD (assessed using the Ankle--Brachial Index (ABI)) in high-income countries from 2000 to 2010.[@R9] The analysis included data from 10 high-income countries including the USA and four European countries, but not the UK. Age-standardised prevalence data for symptomatic PAD from the US State of Health report show only minimal changes (\<0.2%) from 1990 to 2010.[@R14] The aim of the current study was to determine secular trends in the incidence and prevalence of symptomatic PAD and of secondary preventive therapy in a large, representative primary care population in the UK.

Methods {#s2}
=======

Study design and data source {#s2a}
----------------------------

This was a retrospective observational cohort study. Data were collected from The Health Improvement Network (THIN) database in the UK. THIN is an electronic medical research database that contains fully anonymised data on approximately 11 million patients collected from participating primary care practices in the UK.[@R15] The data in THIN are from all patients in participating practices and are recorded during each consultation with the primary care physician/nurse, leaving no scope for selective participation or reporting. Patients included in THIN are representative of the UK general population.[@R15] The Read classification is used to code specific diagnoses,[@R16] and a drug dictionary based on data from the Gemscript classification is used to code drugs.[@R17]

Study cohorts {#s2b}
-------------

### Source population {#s2b1}

Patients aged 50--89 years were identified in THIN, annually between 1 January 2000 and 31 December 2014. To be eligible for entry into the study, patients had to have been enrolled with their primary care physician for at least 2 years, to have visited their primary care physician at least once during that time and to have a computerised prescription history for at least 2 years before study entry. These inclusion criteria helped to ensure that study participants were making use of healthcare services offered by their primary care practice and had historical information available.

### Incident and prevalent symptomatic PAD {#s2b2}

For each year during the follow-up period, individuals with evidence of symptomatic PAD were identified by an automated database search using Read codes indicative of a symptomatic PAD diagnosis and/or related surgical procedures (online [supplementary table S1](#SP1){ref-type="supplementary-material"}). For PAD incidence and secular trends, the date of the first entry of a PAD diagnosis in the THIN database was set as the index date. For prevalent PAD, each patient's start date was set as the date when the study inclusion criteria (as listed above) were met.
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The positive predictive value of the automated database search to identify patients with symptomatic PAD was assessed in a random validation sample of 400 of the identified patients. Patients' anonymised medical records, which included free-text comments from the primary care physicians, were reviewed manually. The diagnosis was confirmed in 97.0% of individuals (194/200) with incident PAD and in 99.0% of patients (198/200) with prevalent PAD, thereby confirming the positive predictive validity of the selected diagnostic Read codes used to identify symptomatic PAD.

Statistical analyses {#s2c}
--------------------

Annual incidence and prevalence were determined for the years 2000--2014. The annual incidence was calculated by dividing the number of individuals with newly diagnosed PAD in a particular year by the contribution of all study participants at risk (free of PAD) in that year. To calculate the annual prevalence, the sum of the number of individuals with a history of PAD plus the number of individuals with newly diagnosed PAD in a particular year was divided by the total population meeting the study eligibility criteria. The time trends in the proportions of patients prescribed therapy with acetylsalicylic acid (ASA), clopidogrel, an ACE inhibitor, an angiotensin receptor blocker (ARB) and/or a statin in the 12 months before and 12 months after an incident PAD diagnosis were also assessed.

Results {#s3}
=======

Time trends in incidence and prevalence {#s3a}
---------------------------------------

Time trends in the incidence and prevalence of PAD from 2000 to 2014, overall and separately by sex and age group, are shown in [figure 1](#F1){ref-type="fig"}. The incidence of PAD decreased steadily over time, from 38.55 per 10 000 person-years in 2000 to 17.33 per 10 000 person-years in 2014 ([figure 1A](#F1){ref-type="fig"}). The incidence was higher in men than in women: in 2000 it was 50.96 per 10 000 person-years in men and 28.70 per 10 000 person-years in women, and in 2014 it was 23.05 per 10 000 person-years and 12.37 per 10 000 person-years, respectively. Decreases in incidence over time were observed in all age groups ([figure 1B](#F1){ref-type="fig"}).

![Trends from 2000 to 2014 in peripheral artery disease: (A) incidence, overall and according to sex; (B) incidence according to age group; (C) prevalence, overall and according to sex; and (D) prevalence according to age group.](bmjopen-2017-018184f01){#F1}

The incidence of PAD was higher in patients with a history of ischaemic heart disease at the study start date than in those with no such history (online [supplementary table S2](#SP1){ref-type="supplementary-material"}). The incidence of PAD decreased over time at a similar rate in patients with a history of ischaemic heart disease (from 93.5 per 10 000 person-years in 2000 to 43.5 per 10 000 person-years in 2014) and those without a history of ischaemic heart disease (from 30.7 per 10 000 person-years in 2000 to 14.5 per 10 000 person-years in 2014).

The overall decrease in incidence of PAD from 2000 to 2014 was paralleled by a decrease in prevalence of the disease ([figure 1C](#F1){ref-type="fig"}). The prevalence of PAD decreased from 3.42% (men: 4.53%; women: 2.52%) in 2000 to 2.37% (men: 3.12%; women: 1.70%) in 2014. Decreases in prevalence over time were observed in all age groups ([figure 1D](#F1){ref-type="fig"}).

Time trends in demographics and comorbidities {#s3b}
---------------------------------------------

Noticeable changes over time among patients with incident PAD diagnosed in 2000, 2005, 2010 or 2014 included increases in the proportions of patients who were obese (body mass index ≥30 kg/m^2^) and individuals who had prescriptions for five or more medications (online [supplementary table S3](#SP1){ref-type="supplementary-material"}). The proportion of current smokers decreased initially, from 39.5% among patients diagnosed in 2000 to 35.4% among those diagnosed in 2004, and then remained relatively constant thereafter. In the general population in THIN (ie, the study source population), a decline in the proportion who were current smokers was observed over time, from 22.0% in the year 2000 to 14.8% in 2014 (note: these data exclude patients for whom information on smoking status was not known, which in 2000 and 2014 equalled 10.1% and 0.1%, respectively, among those diagnosed with incident PAD, and 14.0% and 0.3%, respectively, among the study source population).

Regarding comorbidity patterns, ischaemic heart disease prevalence without MI declined over time, with rates of 34.0%, 32.8%, 29.5% and 26.4% in the years 2000, 2005, 2010 and 2014, respectively. However, increases in prevalence over time were observed for diagnoses of diabetes mellitus, chronic obstructive pulmonary disease, asthma, cancer, depression and dementia. The age and sex distributions were similar over time.

Time trends in treatment patterns {#s3c}
---------------------------------

Time trends in treatment patterns in the 12 months before and 12 months after an incident diagnosis of PAD are shown in [figure 2](#F2){ref-type="fig"}. Prescription rates increased at the time of the incident PAD diagnosis. ASA monotherapy was the most commonly prescribed antiplatelet therapy during the study period. Prescription rates for antiplatelet therapy in the 2 months after diagnosis in the years 2000--2003, 2004--2007, 2008--2011 and 2012--2014 were 42.7%, 47.4%, 48.4% and 44.7% for ASA, 2.9%, 4.6%, 4.7% and 11.0% for clopidogrel, and 2.5%, 3.2%, 4.6% and 5.2% for dual antiplatelet therapy, respectively.

![Time trends in the proportions of patients prescribed (A) acetylsalicylic acid monotherapy, (B) clopidogrel monotherapy, (C) dual antiplatelet therapy, (D) an ACE inhibitor or an angiotensin receptor blocker, (E) a statin, or (F) combined therapy with an antiplatelet, plus an ACE inhibitor or an angiotensin receptor blocker, plus a statin in the 12 months before and 12 months after an incident diagnosis of PAD. Shaded area highlights the 2 months before and 2 months after the PAD diagnosis. PAD, peripheral artery disease.](bmjopen-2017-018184f02){#F2}

For ACE inhibitor or ARB therapy, prescription rates in the 2 months after diagnosis in the years 2000--2003, 2004--2007, 2008--2011 and 2012--2014 were 30.2%, 41.9%, 46.5% and 45.1%, and for statin therapy they were 31.2%, 56.5%, 63.6% and 65.9%, respectively. The proportion of patients with a prescription for an ACE inhibitor or ARB remained relatively similar before PAD diagnosis compared with after diagnosis in the earlier three study periods, but decreased after diagnosis in the most recent (2012--2014) study period. The proportion of patients with a statin prescription increased after an incident PAD diagnosis. In the most recent study period, it decreased again in the months after the diagnosis, although this trend was less pronounced when the analysis was restricted to practices with at least 1 year of data collection after the start date in the 2012--2014 subgroup (online [supplementary figure S1](#SP1){ref-type="supplementary-material"}), suggesting differences between practices in their end-of-year data collection rather than an actual decline in statin prescriptions.

Although the proportion of patients with prescriptions for all three therapies (an antiplatelet agent, plus an ACE inhibitor or ARB, plus a statin) in the 12 months before and 12 months after an incident diagnosis increased after 2000--2003 and also rose at PAD diagnosis, it remained below 30% at all times. Prescription rates for the three therapies combined in the 2 months after diagnosis in the years 2000--2003, 2004--2007, 2008--2011 and 2012--2014 were 9.7%, 22.6%, 27.3% and 27.6%, respectively.

Discussion {#s4}
==========

The results of this large observational study, conducted in 'real-life' clinical practice, showed a steady decline over time in the incidence and prevalence of symptomatic PAD in UK primary care. The incidence in patients with ischaemic heart disease was approximately three times higher than in those without ischaemic heart disease, but both groups showed similar rates of decline. Ischaemic heart disease prevalence declined over time, potentially underlying the parallel secular trend in PAD prevalence and suggesting general improvements in overall CV health over time in the UK.

The decline in incidence of PAD between 2000 and 2014 was observed across all age groups except the group aged 50--59 years, in which the incidence remained largely similar over time. An important factor in the decrease in PAD incidence could be an increased uptake over time of secondary CV prevention strategies. In the current study, when assessing the 12 months either side of PAD diagnosis, an increase over time was observed in the prescription rate for antiplatelet, ACE inhibitor, ARB and/or statin therapy, which may have delayed or prevented the onset of PAD in at-risk patients. Declining rates of smoking and increasing rates of diabetes in recent years in the UK may have influenced trends in the incidence of PAD, but it should be recognised that there is likely to be a considerable lag effect with these risk factors affecting the development of chronic atherosclerotic diseases, including PAD, over many years of an individual's life. Thus, short-term changes in risk factor prevalence from 2000 to 2014 in our study might have only a limited impact on incidence of PAD during that period.

Results of a recent meta-analysis indicated that the prevalence of PAD increased from 2000 to 2010 in high-income countries.[@R9] Data on temporal trends in PAD prevalence suggest that any observed prevalence increases over time may be due to an ageing population, with age-standardised prevalence data for symptomatic PAD reporting only minimal changes over time.[@R14] The current study, which included only patients aged 50 years or older, observed a symptomatic PAD prevalence that ranged from 3.42% in 2000 to 2.37% in 2014. These rates are similar to those reported in other population-based studies in the USA and Europe that include a minimum age cut-off. In both the US Life Line Screening programme (participants aged ≥40 years; study years 2003--2008)[@R18] and the Spanish HERMEX study (participants aged ≥50 years; study years: 2007--2009),[@R19] PAD prevalence was 3.7%. Slightly higher prevalences of 7.6% and 5.8%, respectively, were reported in a Spanish primary healthcare study (participants aged ≥50 years; study years 2006--2008)[@R20] and the German Heinz Nixdorf Recall study (participants aged ≥45 years; study years 2000--2003).[@R21]

There is a paucity of published data regarding the incidence of PAD.[@R8] Long-term results from a German study conducted in primary care (the 'getABI' study), which enrolled patients aged 65 years and older, found a PAD incidence of 203 per 10 000 person-years. In our study, a lower PAD incidence than in the German study was observed in the older age groups, ranging from approximately 30 per 10 000 person-years to 70 per 10 000 person-years ([figure 1](#F1){ref-type="fig"}).

The reported incidence and prevalence across studies will depend on whether they are obtained using recorded diagnoses, as in the current study, or by assessing all study patients for PAD symptoms and signs (eg, via the ABI). The latter approach will tend to result in higher observed incidence and prevalence. When assessing secular trends, it is essential to ensure that the methodology for identifying patients with PAD is similar across all time points, as was the case in the current study.

Risk factors for PAD should be carefully managed in primary care. Patients with PAD are at risk of progressing to critical limb ischaemia, irrespective of whether their PAD is symptomatic or asymptomatic. Patients who are at high risk for PAD need to be identified and screened, and adequate secondary prevention strategies implemented where appropriate. In the real world this is often not the case as is manifest by, for example, continuing high rates of smoking. There is a need to take an aggressive approach to dealing with factors to reduce the risk of PAD and of future serious outcomes.

Guidelines on the management of PAD were first published by the European Society of Cardiology (ESC) in August 2011[@R5] and by the UK National Institute of Health and Care Excellence (NICE) in August 2012.[@R22] Both recommend antiplatelet therapy in all individuals with symptomatic PAD. Antiplatelet therapy for the prevention of vascular events has also been included in the NICE PAD management pathway. Additional recommendations from the ESC and NICE include smoking cessation, and management of diabetes mellitus, hypertension and hyperlipidaemia.

Although the proportion of patients with PAD prescribed antiplatelet therapy increased over time in the current study, more than one-third of patients were not prescribed antiplatelet therapy with ASA, clopidogrel or combination therapy following an incident PAD diagnosis between 2012 and 2014. The proportion of patients with incident PAD who were prescribed a statin increased to approximately 66% at the time of PAD diagnosis during 2012--2014. The proportion prescribed an ACE inhibitor or ARB decreased slightly after diagnosis in 2012--2014. Prescribing for secondary preventive therapies tended to be highest following PAD diagnosis.

Our study has several key strengths. It is, to our knowledge, the largest study to date of time trends in PAD incidence and prevalence in the UK. Data are from electronic medical records in THIN. Patients included in THIN are representative of the UK general population in terms of age, sex and geographical location.[@R15] THIN has demonstrated validity for use in pharmacoepidemiological studies.[@R23] Patients' anonymised medical records, which included free-text comments from the primary care physicians, were reviewed manually to validate the selected diagnostic Read codes used to identify symptomatic PAD in a random sample. Potential limitations include possible changes over time in the source population and in how PAD is diagnosed in UK primary care, which would have affected the secular incidence and prevalence trend patterns. PAD data were not assessed by race because patients' race is not systematically captured in THIN.

In conclusion, results from this study suggest that the incidence and prevalence of symptomatic PAD are decreasing in the UK. Although prescription rates have increased over time, a large proportion of individuals diagnosed with PAD in the primary care setting do not receive guideline-recommended secondary prevention therapy.
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